Introduction: Epidemiologic evidence suggests that tomato-based products could reduce the risk of cardiovascular diseases. One of the main cardiovascular risk factors is low levels of high-density lipoprotein cholesterol (HDL-C). This study aimed to prospectively evaluate the effect of tomato consumption on HDL-C levels. Subject and methods: We conducted a randomized, single-blinded, controlled clinical trial. We screened 432 subjects with a complete lipid profile. Those individuals with low HDL-C (men ,40 mg/dL and women ,50 mg/dL) but normal triglyceride levels (,150 mg/dL) were included. Selected participants completed a 2-week run-in period on an isocaloric diet and then were randomized to receive 300 g of cucumber (control group) or two uncooked Roma tomatoes a day for 4 weeks. Results: A total of 50 individuals (women = 41; 82%) with a mean age of 42 ± 15.5 years and a mean body mass index of 27.6 ± 5.0 kg/m 2 completed the study. A significant increase in HDL-C levels was observed in the tomato group (from 36.5 ± 7.5 mg/dL to 41.6 ± 6.9 mg/dL, P , 0.0001 versus the control group). After stratification by gender, the difference in HDL-C levels was only significant in women. The mean HDL-C increase was 5.0 ± 2.8 mg/dL (range 1-12 mg/dL). Twenty patients (40%) finished the study with levels .40 mg/dL. A linear regression model that adjusted for those parameters that impact HDL-C levels (age, gender, waist-to-hip ratio, body mass index, fasting triglyceride concentration, simple sugars, alcohol, physical activity, and omega-3 consumption) showed an independent association between tomato consumption and the increase in HDL-C (r 2 = 0.69; P , 0.0001). Conclusion: Raw tomato consumption produced a favorable effect on HDL-C levels in overweight women.
Introduction
Cardiovascular diseases (CVDs) are the main causes of death worldwide, with well recognized risk factors associated with their development. 1 Low levels of high-density lipoprotein cholesterol (HDL-C) rank among the most common lipid abnormalities associated with CVD. 2 Low HDL-C is currently defined as an HDL-C value ,40 mg/dL for men and ,50 mg/dL for women. 3 Factors associated with low HDL-C include cigarette smoking, 4 high triglyceride concentrations, 5 a sedentary lifestyle, 6 and insulin resistance. 7 Nonpharmacological strategies to increase HDL-C concentration include increasing alcohol and fish consumption, 8, 9 weight reduction, 3 physical activity, 10 and smoking cessation. 8 Some of these strategies are difficult to implement in practice. Moreover, in low-income countries, these interventions could be costly for the general population.
Vegetable consumption may be an alternative for managing low HDL-C. Epidemiologic evidence indicates that a high consumption of vegetables reduces the risk of CVD, 11 and particular attention has been paid to tomato-based products. Growing evidence from several epidemiological studies indicates that lycopene, the major carotenoid in tomatoes, 12 might be more important than other carotenoids in preventing atherosclerosis and CVD. 13, 14 The consumption of more than seven servings per week of tomato-based products has been associated with a 30% reduction in the relative risk of CVD. 15 Such potential benefits to vascular health from a tomato-rich diet could be related to a lowering of arterial intimal wall thickness, 13, 16 a reduction in levels of low-density lipoprotein cholesterol (LDL-C), 17 and an inverse correlation with markers of inflammation and vascular endothelial dysfunction. 18 However, HDL-C levels may also be positively influenced by tomato consumption. In a pilot study, we found that tomato juice consumption did not increase HDL-C after 1 month (unpublished data); this finding has also been reported previously. 19 In contrast, another study has shown that the daily consumption of 300 g of uncooked tomatoes during 1 month significantly increased HDL-C levels by 15.2%. 20 However, that study was not controlled, blinded, or randomized. Roma tomato consumption could be an accessible intervention to improve HDL-C levels; however, a longitudinal clinical trial is necessary to evaluate this association. Therefore, we performed a randomized, single-blinded, controlled clinical trial to specifically evaluate whether the consumption of two uncooked tomatoes per day (14 servings a week) during 1 month could produce a favorable effect on HDL-C. Our data suggest that raw tomato consumption can increase HDL-C levels in overweight women.
Subjects and methods

Ethics statement
This study was conducted according to the guidelines in the Declaration of Helsinki, and all procedures involving human patients were approved by our Institutional Human Research Ethics Committee (REF2039). Written informed consent was obtained from all patients after a full explanation of the purpose and nature of all procedures was provided.
Study subjects
Between March 1, 2009 and April 30, 2011, workers and patients from the Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán were invited to participate in the study. After participants had signed the informed consent, a complete fasting lipid profile was measured in all participants. Of 432 potentially eligible subjects, 66 (15.2%) fulfilled the inclusion criteria, defined as age between 18 years and 65 years, low HDL-C level (men ,40 mg/dL and women ,50 mg/dL), and a normal triglyceride concentration (,150 mg/dL). Exclusion criteria included a previous diagnosis of diabetes; arterial hypertension; renal, hepatic, or cardiac insufficiency; hyperuricemia; hyperandrogenic anovulation; thyroid dysfunction (hypothyroidism or hyperthyroidism); any difficulty in swallowing; or hospitalization in the previous 6 months. Additionally, subjects taking fibrates, statins, nicotinic acid, steroids, allopurinol, hormone replacement therapy (testosterone, estrogens, or progesterone), metformin or other oral hypoglycemic agents, insulin, sibutramine, orlistat, and nonsteroidal antiinflammatory drugs were also excluded (N = 366). Furthermore, 14 individuals who fulfilled the inclusion criteria declined to participate or were unable to participate because of acute illness or difficulty in attending the study visits ( Figure 1 ). A final sample of 52 patients was randomized using a block-designed randomization system with sealed opaque envelopes for assignment.
Study design
This was a longitudinal, comparative, randomized, singleblinded, controlled clinical trial. The protocol included a 2-week run-in period with prescription of an isocaloric diet (50% carbohydrates, 20% proteins, and 30% fats). After completion of the run-in period, participants were randomized to consume 300 g of raw cucumber (control group) or the same amount of uncooked tomatoes (approximately two Roma tomatoes) a day. Patients were instructed to weigh and prepare the cucumber or the tomato at home. Participants were instructed to minimize changes in diet and daily habits, specifically physical activity and smoking. We used cucumber because (1) it was not possible to have a tomato placebo; (2) cucumber does not have any lycopene; (3) both can be consumed in a similar manner; and (4) the required quantity can be measured in the same way. After treatment assignment, we requested participants to avoid mentioning during clinical evaluations whether they were in the tomato or cucumber arm of the study. One blinded nutritionist performed the evaluations and the other evaluated adherence. No member of the research team knew the participant's study group.
Clinical evaluation
Clinical evaluation consisted of a complete medical history and physical examination performed by one nurse and one physician unrelated to the study. Resting blood pressure was measured in the morning by a trained nurse using a mercury sphygmomanometer and after instructing participants to remain seated at rest for at least 10 minutes. We took the average of two measurements at every visit. Basal daily physical activity was evaluated with a questionnaire already validated in the Mexican population. 21 The questionnaire quantifies the level of physical activity (kilocalories per day or in kilojoules if kilocalories are multiplied by 4.1855) over a 24-hour period as previously described. 22 Every subject completed three questionnaires, recording the physical activity level over 2 workdays and 1 day of the weekend. These results were analyzed, and the average kilocalories per day and kilocalories per month were obtained. Smoking was classified as (1) current in those who smoked more than one cigarette per day (low: 1-14; moderate: 15-24; high: $25); (2) previous smoker (one or more cigarettes per day in the past); or (3) never smoked.
Nutritional evaluation and adherence
The anthropometric measurements were performed by a nutritionist blinded to the participant's intervention. After participants removed their shoes and upper garments, body weight was quantified with a UM-026 Tanita body composition analyzer (Tanita Corporation, Tokyo, Japan). All subjects were instructed to stand on the central part of the scale during weight assessment. Height was obtained to the nearest 0.5 cm using a floor scale's stadiometer with the patient standing on the central part of the scale. Body mass index (BMI) was calculated as weight (in kilograms) divided by height (in meters squared). Waist and hip circumferences were measured with patients standing with their feet together, placing their arms on their sides with the palms of their hands facing inward, and breathing out gently. Abdominal circumference was measured to the nearest 0.1 cm at the level of the greatest frontal extension of the abdomen between the bottom of the rib cage and the top of the iliac crest. Hip circumference was measured around the maximum circumference of the buttocks. In addition, nutritional evaluation consisted of three 24 hour food records for each patient at every visit. Consumption of carbohydrates, proteins, lipids, fiber, simple sugars, fish, omega-3 acids, and alcohol was calculated with standardized tables. [23] [24] [25] [26] Another nutritionist evaluated adherence, asking for the number of days per week that a given patient fully complied with tomato or cucumber consumption. Adherence was reinforced in every visit.
To detect small changes in weight, physical activity, and diet throughout the study duration, the clinical and nutritional evaluations were performed every week during the 6-week study period (Table S1 ). These measurements were averaged and used for statistical adjustment as needed.
Biochemical evaluation
Glucose and lipid profiles were measured at the screening visit and again at the end of follow-up. Laboratory measurements were performed in the Department of Endocrinology and Metabolism at the Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán using standardized procedures. The measurements were performed with commercially available standardized methods. Glucose was measured by the glucose oxidase method (Roche Diagnostics, Indianapolis, IN, USA); serum total cholesterol, triglycerides, HDL-C, and LDL-C levels were measured by an enzymatic method (Beckman Coulter, Inc, Brea, CA, USA). The coefficients of variation for total cholesterol and HDL-C were 3.3% and 2.5%, respectively.
Statistical analysis
The sample size was calculated with the formula for means for two-tailed comparisons. According to a previous report, 20 we expected an increase of at least 6 mg/dL in HDL-C after 1 month of tomato consumption. With a standard deviation of 5 mg/dL, an alpha level of 0.05, and a study power of 80%, and adding 20% for potential losses, we calculated that a total submit your manuscript | www.dovepress.com Dovepress Dovepress of 48 subjects (24 per group) was required. Normally distributed data, determined with a Kolmogorov-Smirnov test, were expressed as means and standard deviation, whereas variables with a skewed distribution were reported as median and interquartile range. A χ 2 test, Student's unpaired t-test, Wilcoxon signed rank test, or Mann-Whitney U test was used as appropriate for comparison between groups. Homogeneity of variance was evaluated with Levene's test. Correlation coefficients between HDL-C and dimensional variables were evaluated in all participants and were calculated with the Spearman's rho or Pearson's r tests. To evaluate the effect of tomato consumption on HDL-C, we used the difference between final and basal levels (indicated as "delta"). A stepwise linear regression model was used to examine the impact of variables on delta HDL-C levels. The variables selected for the regression analyses were those that correlated significantly or those that are known to be associated with plasma HDL-C levels. All reported P-values were based on twosided tests, with P # 0.05 considered significant. Analyses were performed with the Statistical Package for the Social Sciences version 17.0 (SPSS, Inc, Chicago, IL, USA).
Results
A total of 52 subjects were included in the study. They were randomized to receive tomato (N = 26) or cucumber (N = 26). Two patients were eliminated after 1 week of follow-up (for gastric intolerance and poor study compliance). Both requested to be excluded from the study. The remaining subjects completed 1 month of follow-up (Figure 1 ). The mean adherence per month was 27.6 ± 1.9 days and 27.5 ± 2.0 days in the tomato and cucumber groups, respectively (P = 0.90). A total of 47 (94%) of the subjects declared that they had followed the assigned intervention for $25 days during the month of follow-up (Table 1) . Table 1 shows the characteristics of the subjects studied. A total of 41 individuals (82%) were women. There were no significant differences between groups with respect to age (P = 0.49) or BMI (P = 0.64). We only identified a significantly higher consumption of omega-3 fatty acids in the tomato group (P = 0.02). During the study, the subjects' anthropometric characteristics did not change signif icantly (Table 1) . Table 2 shows the effect of tomato consumption on lipid profile and anthropometric measurements of the subjects categorized by group and gender. 
Clinical and anthropometric characteristics
Changes in lipid profile
Baseline values of HDL-C (36.5 ± 7.5 mg/dL versus 36.8 ± 7.2 mg/dL, P = 0.83) and triglyceride levels (113.4 ± 46.4 mg/dL versus 108.5 ± 36.9 mg/dL, P = 0.54) were similar between groups. Additionally, at baseline, serum triglycerides (P = 0.77), total cholesterol (P = 0.82), and LDL-C (P = 0.37) were not different between groups ( increment of HDL-C levels from 36.5 ± 7.5 mg/dL to 41.6 ± 6.96 mg/dL (P , 0.0001) was observed in the group assigned to tomato consumption ( Table 2 ). The mean increment of HDL-C was 5.0 ± 2.8 mg/dL (range 1-12 mg/dL). Levels of triglycerides, LDL-C, and total cholesterol did not change significantly. Adherence correlated positively with the HDL-C increment in the tomato group (r = 0.34, P = 0.01). This association was not identified with cucumber consumption (r = 0.08, P = 0.71; Figure 2 ). Figure 3 shows the change in HDL-C levels according to days of adherence ( Figure 3A ) and in every case studied ( Figure 3B ).
Independent predictors of hDL-C increment
To identify independent factors related to the change in HDL-C, we performed a linear regression model using the delta (final-basal) HDL-C level as the dependent variable, adjusted for those variables that could change HDL-C (Table 3) . Results showed that tomato consumption (β = 5.79, 95% confidence interval [CI] 3.99-7.59; P , 0.0001) and days of adherence (β = 0.61, 95% CI 0.12-1.11; P = 0.01) were independently and significantly associated with the increment in HDL-C levels (F = 5.20; r = 0.83; r 2 = 0.69; P , 0.0001).
Discussion
The occidental diet is usually composed of high-glycemicindex and high-fat foods and has been associated with the development of chronic diseases, including CVDs, cancer, and diabetes. 27 In contrast, the consumption of tomato-based food sources along with fresh fruit, vegetables, and olive oil is common in a Mediterranean dietary pattern and provides a variety of nutrients with potential cardiovascular benefits. 28 However, investigation regarding the association between tomato-based food intake and CVD risk has demonstrated contradictory results. Previous studies have focused on carotenoids, including lycopene, and their association with either atherosclerosis, different CVD subtypes, or multiple cardiovascular risk factors. [28] [29] [30] [31] [32] Ascherio et al 33 reported no association between dietary lycopene and stroke in a large cohort of healthy male professionals. In contrast, Karppi et al 34 
Days of adherence
Change in HDL-C levels (mg/dL) Figure 3 Change in hDL-C after tomato or cucumber consumption. Notes: (A) Change in hDL-C levels according to days of adherence. The number of subjects is described in Table 1 . (B) Change in hDL-C levels for every case studied (Student's t-test, P , 0.0001). Abbreviations: hDL-C, high-density lipoprotein cholesterol; n, number of subjects. with tomato consumption. These inconsistent results may be explained by the following: (1) the considerable variation in the estimation of lycopene intake depending on the assessment tools used; 12 (2) differing absorption, probably because carotenoids are tightly bound to macromolecules in foods, and therefore, their absorption may vary; 35 (3) differing availability of lycopene, because this depends on the processing and treatment of the food containing the carotenoid and on the fat content of the meal in which lycopene is consumed; 12 or (4) because some studies analyze the effect of different sources of dietary tomato in combination, including both healthy and unhealthy foods (for example, pizza, tomato juice, and fresh tomatoes). 19, 32 Furthermore, the relationship between submit your manuscript | www.dovepress.com
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the estimated intake and serum lycopene levels is very poor, with Pearson's correlation coefficients between 0.1 and 0.3. 35, 36 For example, one study reported a low correlation between dietary lycopene levels and plasma lycopene levels. Despite this fact, the authors confirmed a 30% reduction in the relative risk of CVD. 15 With this information in mind, we aimed to evaluate the change in HDL-C after 1 month of adding two Roma tomatoes daily to the participants' regular diet. This intervention was planned to reduce the variability of a tomato-based diet using only fresh uncooked tomatoes. We used uncooked tomato because in a pilot study, we did not identify any significant change in HDL-C using additional methods of preparation (cooked, juiced, or in sauce), a finding that has been reported previously. 19 In contrast, an uncontrolled, nonrandomized prospective study reported that the daily consumption of 300 g of uncooked tomatoes for 1 month significantly increased HDL-C levels by 15.2%. 20 After taking into consideration other variables that could increase HDL-C, the beta value in the linear regression model analysis indicated that we could expect a mean increment of 5.79 mg/dL in HDL-C after the consumption of two daily Roma tomatoes over a 1-month period. The increment in HDL-C levels was independent of these and other parameters that are known to modify the circulating HDL-C concentration (Table 3) . Furthermore, the increment in HDL-C levels in the group allocated to tomato consumption showed a direct relationship with compliance. Although mean alcohol, fish, and omega-3 fatty acid consumption was higher in the tomato group at follow-up, these differences were not significant ( Table 1) . The randomized and blinded design of our clinical study suggests that this variation was by chance, and the regression analysis results strongly suggest that the increment in HDL-C was mainly attributable to fresh tomato consumption. Although the increase in HDL-C was not significant in men, a statistical trend was seen (P = 0.06). We therefore conclude that overweight women can benefit from daily fresh tomato consumption. To the best of our knowledge, this is the first clinical trial that specifically evaluates the impact of fresh tomato consumption on HDL-C levels.
According to our results, an intake of 14 servings of fresh tomato per week may have a similar positive impact (increment between 3.9 mg/dL and 7.5 mg/dL; Table 3 ) on HDL-C as physical activity (3.0-3.5 mg/dL), but a smaller effect than alcohol consumption (9.0-13.1 mg/dL) or smoking cessation (9.9 mg/dL). 8 Nevertheless, consumption of uncooked tomato could be recommended as an additional strategy to increase HDL-C levels. The advantage of fresh tomato consumption is the fact that tomato is available worldwide, and in low-income countries, it may be an additional affordable strategy for populations with low HDL-C levels.
The underlying mechanism of the increase in HDL-C with raw tomato may or may not be related to lycopene. Fuhrman et al 37 showed that 60 mg of lycopene per day for 3 months in six men (approximately equivalent to the amount of lycopene in 1 kg of tomatoes) caused a 14% reduction in plasma LDL-C with no significant change in HDL-C. However, only a small sample of patients was analyzed, not necessarily with enough statistical power to show a difference in HDL-C after the intervention. Recently, lycopene has been shown to yield improvement in HDL-C functionality, with increases in HDL-C subtypes 2 and 3 after a lycopene-rich diet and supplements. The activity of cholesteryl ester transfer protein decreased and the activity of lecithin cholesterol acyltransferase increased in the serum of overweight, middleaged individuals. 38 Although the bioavailability of lycopene is higher after tomatoes are processed, for example, as a paste, and less bioavailability is seen with raw tomato, 39 ,40 the results of a study by McEneny et al 38 suggest that the benefit of raw tomato consumption in serum HDL-C levels reported here could be explained by regulation of the activity of key enzymes in HDL-C metabolism and could also be associated with the improvement in HDL-C functionality after lycopene consumption. Nevertheless, we cannot confirm this hypothesis in the present study, and we cannot rule out the possible role of other unidentified nutrients or beta-carotenes.
Although we showed a significant elevation of HDL-C levels after 1 month of tomato consumption, only two women normalized their level to 50 mg/dL or more, and no men achieved normal levels ($40 mg/dL). However, 20 patients (40%) finished the study with levels .40 mg/dL. Studies have shown that increasing the concentration of HDL-C can slow and even reverse the progression of coronary atherosclerosis and can reduce cardiovascular risk in the majority of people with dyslipidemia even if normalization has not been achieved. 41 However, it is necessary to assess whether the consumption of tomatoes for longer periods of time or at higher daily amounts can normalize HDL-C levels in a greater proportion of patients. Future prospective studies should evaluate the impact of fresh tomato consumption on different cardiovascular risk factors and outcomes. These studies may also confirm the benefit in men.
The main limitation of the present study is that we cannot describe the mechanism of how fresh tomato consumption increases HDL-C. Second, we evaluated compliance subjectively; however, participants in both groups reported similar adherence to blinded researchers. Also, the number of male submit your manuscript | www.dovepress.com Dovepress Dovepress patients studied was small, which may explain the lack of significant associations. Another limitation is the fact that we cannot completely rule out the influence of other nutrients, foods, or cointerventions by participants, and this may provide alternative explanations for our findings. However, the randomized and longitudinal design of our study, the absence of loss to follow-up, and the fact that we adjusted the analyses for the main confounding factors that influence HDL-C levels suggest that the increment in HDL-C was caused by the increase in tomato consumption. An additional strength of the study design is that we evaluated patients without hypertriglyceridemia, and patients without treatments that may influence HDL levels.
Conclusion
In conclusion, raw tomato consumption (14 servings a week for 1 month) showed a favorable effect on HDL-C levels in overweight women.
